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Thefirstreportoftherapeuti c spinal injection in humans, published in 1901, was accomplished without image guidance. Advances in radiology and pharmacology have propelled us quite a distance from last century's "blind" spinal blocks. The use of real-time imaging and contrast agents to assist with needle placement and confirmation of flow in selective spinal injection has become common. Intravascular placement of multi-orifice epidural catheters with a negative aspiration and positive epinephrine response has been studied in women in labor, 1 as has the accuracy of epinephrine test doses in the face of negative blood aspiration. 2 What has not been studied is noting vascular uptake with contrast agent and repositionings in the context of negative aspiration and allotment of time for passive blood flow into the hub of the needle.
METHODS
All procedural reports, in a private multispecialty practice, from a consecutive series of all outpatients undergoing fluoroscopically guided, contrast-confirmed injections, over a 1-yr period at two sites, were retroactively reviewed by the primary author. Data detailing the 1,295 injections are provided in Table 1 . All injections were performed by the primary author. The aspiration noted in this study was performed after placement by anatomic localization under fluoroscopic guidance or, in the case of translaminar epidurals, air loss-of-resistance technique in conjunction with fluoroscopic guidance. In accordance with the primary author's standard practice, when a vascular pattern was observed under real-time injection of contrast agent, gentle aspiration was attempted and the results noted, the connection tubing was removed, and a 10-sec observation was made for passive filling into the clear plastic hub of the needle. After this, gentle re-aspiration was attempted. The needle was then repositioned to accomplish the planned injection without vascular uptake. The number of repositionings was recorded. Simple rotation along the axis of the needle was not considered to constitute a repositioning. Loss of resistance in translaminar epidurals demonstrating nonepidural contrast patterns were disregarded, regardless of vascular uptake. No accidental subdural/subarachnoid injections of steroid/ anesthetic were performed during the course of the study. One patient with known chronic airway disease developed chest pain 30 mins after cervical translaminar injection and was transferred to an emergency room. One patient after cervical facet injection became nauseated and required intramuscular promethazine.
Instrumentation and Equipment
All procedures were performed at an outpatient surgery center or community-based hospital. Either an OEC 9800 C-arm imager (Salt Lake City, UT) with 41% iopamidol injection (Braco Diagnostics, Princeton, NJ) or a Shimatzu MH100 freestanding angiographic system (Tokyo, Japan) with iothalamate meglumine U.S.P. 60% (Mallinckrodt, St. Louis, MO) were used for all procedures. Three and one-half-inch 20-gauge Weiss Touhy needles were used for all translaminar (cervical and lumbar) injections. Five-inch 22-gauge spinal needles were used for lumbar sympathetic block. Three and one-half-inch 25-gauge spinal needles were used for cervical facet injections and 3.5-or 5-inch (n ϭ 9), depending on body habitus. Three and one-halfinch 22-gauge spinal needles were used for all other injections. A Perifix Epidural Catheter (B. n Vasc, number of patients with at least one vascular pattern; Tn Vasc, number of vascular patterns; % Vasc, percentage of patients with vascular patterns; Multiple, number of times more than one repositioning was required (subset of n Vasc); Aspiration, number of patients with at least one vascular pattern positive for blood aspiration; Passive Filling, number of patients with at least one vascular pattern with passive filling of blood into the hub of the needle. a Two (not included in Tn Vasc ϭ 18) pulsatile arteriovenous malformation patterns on epidurogram. b One occasion aborted after nine repositionings with continued vascular uptake.
Braun Medical, Bethlehem, PA), inserted through a standard 16-gauge angiocatheter, was used for caudal with catheter (CEC) procedures.
RESULTS
There were 450 patients aged 19 -96 yrs, with an average age of 57 Ϯ 16 yrs. A total of 109 vascular patterns were seen in 78 patients, with an average age of 65 Ϯ 16 yrs, during a total of 1,295 injections ( Table 1) . Eight of the 109 patterns had positive blood aspiration, whereas 24 had passive flow of blood into the plastic needle hub. No positive re-aspirations were observed after the delay for passive fill, when the initial aspiration was negative. The greatest percentage of vascular patterns was seen with CEC, which also had the highest percentage of repeat vascular uptake, with four of six cases with vascular uptake requiring multiple (two to five) repositionings. The lowest percentage of vascular patterns was seen in cervical translaminar epidurals. The greatest number of vascular patterns in a single procedure was for an sacroiliac joint, requiring nine repositionings, none of which had a positive aspiration or passive fill, at which point the procedure was aborted.
On three occasions, when using a lumbar translaminar approach, what appeared as a pulsatile arteriovenous malformation on epidurogram necessitated CEC procedures. Two of these were without intravascular uptake; one had a mixed vascular/nonvascular epidural pattern. One of the two cases without vascular uptake on the initial lumbar translaminar approach had repeated vascular uptake into the low lumbar radiculomedullary veins with CEC and required three repositionings. On one occasion (right L5/S1 paramedian lumbar translaminar), the ipsilateral L5 and the L3 and L4 posterior internal venous plexus, corresponding lumbar veins and communicating branches were evident. Aspiration was negative on all CEC procedures, and passive filling was not thought to be relevant based on the fluid dynamics of the 39.3inch (100 cm) 20-gauge catheter.
On lumbar transforaminal procedures, which included S1 transforaminal epidurals, six of the 15 cases with vascular uptake required two positionings. One (right L4, lumbar transforaminal) highlighted the right ascending lumbar vein and what seemed to be part of the azygous system without positive aspiration or passive filling. The only arterial pattern (right L5, lumbar transforaminal) required two positionings and had positive aspiration initially; it had negative aspiration on the second positioning, despite a continued positive arterial pattern highlighting what appeared to be the anterior spinal canal branch of the lumbar artery and the unilateral ascending branch at that level ( Fig.   1 ). One patient with a positive vascular pattern on lumbar transforaminal injection had previously shown a positive pattern on sacroiliac joint injection. No corresponding lumbar transforaminal/ lumbar translaminar vascular patterns were observed.
On one of the two sacroiliac joint procedures wherein both aspiration and passive filling occurred, the patient reported a highly concordant sense of pain on injection. This was confirmed by repeating the vascular pattern injection twice with the patient blinded to when the injection was taking place in a fashion similar to what is commonly done during discography. The authors are uncertain of the clinical significance of this finding.
Of the 13 total vascular patterns on the lumbar facet, six had vascular patterns either at the adjacent facet or sacroiliac joint. One of the four vascular patterns with passive filling of the hub on lumbar facet was arterial.
On one occasion, from a C7/T1 right paramedian cervical translaminar approach, a pulsatile arterial pattern crossed the midline and extended rostrally to C3. Three translaminar passes were required to avoid this particular vascular pattern. Four of the eleven vascular patterns seen during cervical facet injections were at the level of C2/3. Only one required multiple positioning. All four cervical facet injection patterns were nonpulsatile and extraspinal. None had positive aspiration or passive filling.
One pattern during an intercostal nerve block traveled laterally, then sharply cephalad, to highlight the superior adjacent intercostal vessel. The other two patterns seemed to be low-pressure venous systems and traveled medially. None traveled medial to the lateral aspect of the vertebral body.
DISCUSSION
The spine and anatomically affiliated structures have a highly variable blood supply. Spinal segmental arteries come off the aorta and form intercostal, ascending cervical, and lumbar arteries. They then give rise to the radiculomedullary arteries, which make a characteristic hairpin turn as they contribute to both the anterior and, to a lesser degree, posterior spinal arteries. The largest of these is the artery of Adamkiewicz, usually arising from a lower intercostal on the left, with variable contributions from other sources, to supply most of the thoracic spinal cord and conus medullaris. Another large radicular artery from C5 or 6 usually predominates supply to the cervical cord. All radiculomedullary arteries enter the dura at the nerve root sleeve where they give off branches that supply the dura. Here, where a selective nerve root block or misguided transforaminal epidural injection is often done, is where the nidus of most spinal arteriovenous malformations is located. The space is occupied by epidural fat, which in at least one cadaveric study does not exist between the dural sac and pedicle, 3 surrounding a valveless venous (Batson's) plexus and varies in both thickness and configuration along the neuraxis. Although anatomically first described in the 1830s, the role of epidural venodilation as a primary cause of radicular pain has only recently been reported. 4 Studies with mixed results based on Sicard and Forrestier's 5 loss-of-resistance technique have largely focused on the accuracy of placing an injectate within this space with contrast-enhanced video fluoroscopic confirmation of successful placement. Variable data exist, 6, 7 with the accuracy of nonimage-guided injection improving with easily palpable anatomic landmarks, 8 but there is no information on vascular uptake.
Many vascular structures, both pathologic and normal variants, can exist within or border this potential space. Only recently have the arterial and venous patterns of the human dorsal root ganglion with a largely internal arterial and superficial venous drainage been deciphered and standardized. 9 This study concluded that the ganglion had a propensity to a relative compartment syndrome when challenged with compression. The vasculoanatomy becomes more relevant when considering structural pathology in the surrounding area, namely, HNP. Veins in this region are both prevalent and easy enough to cannulate that historically, lumbosacral epidural venography was used as a diagnostic modality in the era before magnetic resonance im-agery 10 and found to have an 88.2% 11 to 98% 12 accuracy when compared with intraoperative findings. One study even found it 8% more accurate than myelography. 12 In another study (n ϭ 304), a positive epidurogram, either complete, incomplete or unilateral block, was found in 100% of 270 surgically verified intervertebral disk protrusions, and three negative epidurograms from the same series showed no pathology on surgical exploration. 13 However, it should be noted that clinical improvement has never been shown to correlate with improvement on epidurogram during lysis of epidural adhesions.
The importance of avoiding unintentional vascular injection cannot be overstated. Six case reports preceded a 1982 presentation to the U.S. Food and Drug Administration evaluating 33 cases of cardiac collapse from accidental intravascular bupivacaine, including 22 cases of maternal cardiac arrest with 15 fatalities. 14 Complications such as hypotension, local anesthetic toxicity, total spinal anesthesia, and dural puncture are recognized complications, as are the risks of the adverse effects of preservatives, 15 transient blindness, 16 and pneumocephalus 17 in the case of unintentional intrathecal injection. It is reasonable to consider that the "minor complication rate" with lumbar epidural injection, reported as high as 9.6%, 18 is at least partially due to a degree of vascular uptake. Evidence that some degree of vascular uptake does occur with epidural injection is cited by venous air microbubble emboli being consistently seen in the systemic circulation by transesophageal echocardiography within 15 secs of the introduction of 5 ml of air into the epidural space after negative aspiration. 19 This should not be surprising when one considers intraspinal air has been found in association with right main stem bronchus laceration and as a presenting sign of occult pneumothorax after blunt chest trauma. 20 Part of the reason for these findings is that the vascular anatomy of the epidural space is not only more difficult to image but may be less consistent than previously believed. Contrast-enhanced magnetic resonance angiograms in myelopathic patients with normal digital subtraction angiography have shown medullary veins arising from the median veins and coronal venous plexus on the cord surface to communicate with the epidural venous plexus. 21 This study alone challenges the notion that the epidural space and spinal cord proper have independent vasculoanatomy. Silicone rubber injection techniques have shown the thoracic posterior venous plexus becoming more voluminous and even sinusoidal in the lumbar region. 22 Although not identically comparable with the CEC data in this study, both the CEC data and silicone rubber injection study are supportive of a related study showing a greater preponderance of vascular uptake at the S1 neural foramen (21.3%) when compared with lumbar transforaminal (8.1%) epidurals. 23 Unpredictable vascular pathology, such as cavernous malformations, traditionally thought of as angiographically occult, exists along a spectrum that may involve the vertebral body with or without epidural extension, solely the epidural space, or intradural extramedullary space in addition to being purely intramedullary. 24 A purely epidural cavernous hemangioma has been reported to originate from a nerve root and supposedly extend into the ipsilateral lung apex, 25 and extension of potentially vascular mass lesions from the perivertebral space proper to the epidural space is common. 26 These malformations could not be more clinically relevant to interventional spine procedures when considering only mild rotatory movement with an upper cervical dural surface malformation has been documented to result in posterior cervical epidural hematoma from C2 to C6 and ensuing complete quadriparesis 27 and another case of anterior cervical epidural hematoma after blind cervical epidural with ensuing meningitis and eventual death. 28 Even with a technically accurate spinal angiogram costing greater than $50,000 and requiring over 4 hrs per case, the existence of angiographically occult spinal dural fistulae is well documented. 29 Vascular patterns having negative aspiration and negative passive fill may simply be the result of technical error such as needle movement, or a complicated multifactorial interplay of anatomy (vessel diameter), physiology (venous pressure), and physics (vessel collapse on aspiration). Pressures within both the epidural space and venous system fluctuate with physiologic variables, such as phase of respiratory cycle, position, and fluid status. This last situation is more relevant in the larger subpopulation of chronically ill patients, such as patients with chronic renal failure, congestive heart failure, diabetes, or vasculopathy, who are poor or nonsurgical candidates and therefore more likely to undergo spinal injections as part of conservative management. This is especially important when considering that most symptomatic paravertebral arteriovenous malformations are the result of compression by epidural veins or congestive myelopathy. 30, 31 Limitations of current imaging capability becomes even more evident when considering cases such as a surgically verified idiopathic encapsulated hematoma, which had clinically, radiographically (computed tomography and rim-enhancing lesion on magnetic resonance imaging with gadolinium), myelographically, and discographically (leakage of contrast material into the mass) been diagnosed as an L5/S1extruded disk. 32 Computed tomographically guided injections are performed at some institutions, and although there may be an advantage in obtaining intraarticular needle placement in arthritic facet joints, real-time vascular uptake is not readily obtained with this imaging modality.
CONCLUSION
Ample data based on anatomic and radiographic studies exist to suggest that there is a wider range of variability and pathology in dural, epidural, paravertebral, and spinal cord vasculoanatomy than is traditionally believed. Imaging studies are imperfect, and most are static images of dynamic structures or challenged by postural and physiologic variables for which compensation cannot be predictably made. This study demonstrates that neither aspiration for blood nor delay and observation for passive filling are adequate measures to rule out intravascular injection. There may be a statistically lower rate of intravascular injection by translaminar approaches with theoretically greater consequences in the cervical spine. Spinal injection will never be risk free, but the safest method of injection is fluoroscopically guided, contrast-confirmed injection, which should be considered the current standard of care.
